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INTRODUCTION
The family Acanthaceae comprises around 250 genera and approximately 2500 species, 1 which occur mainly in the Atlantic Forest and in the mesophilic forest formations of the Central-Western and Southeastern regions of Brazil, as well as in other types of vegetation. 2 Previous studies on the isolation of natural products from the family Acanthaceae have revealed the presence of alkaloids, 3 flavonoids, 4 terpenes, 5 coumarins, 6 lignans, 7 and quinoids. 8 These constituents have been demonstrated to have biological effects such as cytotoxicity, 7 vasorelaxant, 5 anti-inflammatory, 9 antifungal, 5 and antiviral actions, 10 as well as CNS depression and immunosuppressive activities.
9,11
Thyrsacanthus Moric. is a genus with five species whose presence is restricted to South America and that occurs mainly in Brazil. Recently, the genus was restored to include the South American species traditionally assigned to Anisacanthus Nees. Thyrsacanthus ramosissimus Moric. (= Anisacanthus brasiliensis Lindau) is popularly known as "canudo" and is endemic to Brazil, in the states of Alagoas, Bahia, Minas Gerais, Pernambuco, and Rio Grande do Norte. It can be found principally in seasonally dry vegetation and in semideciduous and riparian forests. 12 No biological studies have been previously performed with this species and chemical and biological studies with species of this genus are also scarce.
Interest in compounds with inhibitory activity against the enzyme DNA-topoisomerase II-a has increased, [13] [14] [15] [16] [17] [18] [19] [20] because intracellular levels of topoisomerase II-a (topo II-a) are elevated in a number of human tumors as compared to the respective normal tissues. Moreover, the development of drugs that can affect the DNA replication process by selectively interfering with the function of topo II-a continues to draw researchers' attention. 21 Topo II-a is an essential enzyme that plays a key role in DNA replication, but is also important in repair, transcription, and chromosome segregation. Topo II-a changes DNA topology by passing an intact DNA double helix through a transient double-stranded break, thereby producing another helix. 22, 23 Thus, as part of our ongoing chemical investigations of this plant species, 24 in this work we evaluate the inhibitory effect of this plant on human DNA-topoisomerase II-a. The isolation of a new phaeophytin (1), as well as its structural elucidation by means of ESI-MS and 1D-and 2D-NMR experiments, will be reported here.
EXPERIMENTAL

General experimental procedures
Melting points were determined on a Koefler hot stage and are uncorrected. The infrared absorption spectra were recorded in KBr pellets, using a Bomem/MB-102 spectrophotometer operating in the 4000-400 cm -1 range. The LC-MS spectra were obtained in the positive electrospray mode using a Quattro LC-Micromass device (Waters). Silica gel 60 was used for column chromatography, and Kieselgel 60F 254 (E. Merck) was employed for preparative TLC as precoated plates. Sephadex LH-20 (Sigma) was utilized for gel permeation chromatography. 
Plant material
The aerial parts of Thyrsacanthus ramosissimus Moric. were collected in the city of 
Extraction and isolation
The powdered plant material (5.0 kg) was extracted successively with EtOH, to give 310.0 g dry extract. This extract was dissolved in MeOH/H 2 O (3:7) and successively fractionated with hexane, CHCl 3 , and AcOEt, yielding the hexane (20.0 g), CHCl 3 (10.0 g), and EtOAc (5.0 g) fractions. The CHCl 3 fraction was successively submitted to column chromatography using silica gel and Sephadex LH-20, followed by preparative TLC on silica, to yield 1 (29.2 mg) and 2 (27.8 mg) as dark blue amorphous solids. Analysis of the spectroscopic data (IR, LC-MS and NMR spectra, including 2D NMR) led to identification of the following compounds: anamariaine ( 
Anamariaine (1)
Dark 
In vitro assay for DNA topoisomerase II-a
The conversion of pBR322 supercoiled plasmid DNA to the relaxed form by topo II-a was examined in the presence of phaeophytins 1 and 2. DNA topoisomerases are enzymes that modulate the topological state of DNA and are targets for many active drugs in cancer treatment. 15, 23 Enzymatic activity was analyzed by the DNA relaxation assay Tris-base, pH 8.5, 1.14 g L -1 glacial acetic acid and 100 mL of 0.74 g L -1 EDTA) for 120 min at 40 V. Etoposide was used as the positive control. The gels were stained with ethidium bromide solution (5 g L -1
) after electrophoresis for 30 min, washed with water, and photographed under UV light with a digital camera.
RESULTS AND DISCUSSION
Extensive chromatography of the CHCl 3 fraction of Thyrsacanthus ramosissimus resulted in the isolation and characterization of two phaeophytins 1 and 2 ( Figure 1 (Figure 1 ). Thirty-five carbon signals were detected in the 13 C NMR spectrum for the porphyrin system of compound 1, while the aliphatic phytol moiety afforded a partial overlapping set of signals in the aliphatic region. Overall, the 1 H and 13 C-NMR spectra were in accordance with the literature data. 27, 28 The presence of the hydroxyl group in ring E was deduced from the carbinol resonance C-15 1 at δ C 101.95, with a quaternary nature confirmed by the APT and HSQS experiment. The NMR and ESI-MS data, together with the degrees of insaturation, allowed us to establish a conjugated d-lactone structure, which appeared to be formed between the C-13 1 -C-13 2 bond at ring E of 13 2 -hydroxyphaeophytin A. There was evidence of a carbonyl carbon at δ C 166.30 instead of the resonances at d C 192.2 for the corresponding carbon. 29 The complete analysis of the porphyrin structure was conducted on the basis of the correlations detected in the 2, 3 J CH long-range of the olefinic protons H-5, H-10, H-20, which provide the connectivities between the four pyrrole rings (Figure 2 The configuration of C-15 1 was determined as S due up-field of H-17 (d H 4.16), 30 since the Nuclear Overhauser enhancements in the NOESY spectrum did not show signals referring to this chiral center. Other significant signals were observed in the porphyrin system ( Figure 3) . Therefore, the structure of compound 1 was identified as 31 This compound has been previously isolated from the green alga Cladophora fascicularis. 31 The isolation of phaeophytins from Thyrsacanthus ramosissimus raises the question as to whether this material occurs naturally or is a possible artifact produced during chromatographic separation. Our experience suggests that this rare pigment is not commonly observed in plant species. 32, 33 Comparison between the structures of compounds 1 and 2 shows that an interconversion of these two pigments under the mild conditions of the isolation techniques should be highly unlikely.
The effects of the compounds on the catalytic activity of the DNA topo II-a enzyme were observed in the relaxation assays using pBR322 in the presence of ATP. Compounds 1 and 2 were evaluated at 50 µM (lanes 4 and 5, respectively) ( Figure 4 ). The two compounds promoted significant inhibition of the catalytic activity of topo II-a as compared to etoposide, which was used as the positive control.
SUPPLEMENTARY MATERIAL
1 H and 13 C NMR, HMQC, COSY, HMBC, NOESY, IR, and ESI-MS spectra of compound 1 are available at http://quimicanova.sbq. org.br, in PDF file, with free access.
